infants to the decrease of mean birthweight were small. The mean birthweight of infants who were born in public hospitals was lower than that of infants born in clinics , private hospitals, and others. The proportion of low birthweight infants was also highest among the infants born in public hospitals.
These results indicate that pregnant women with high risk factors are more likely to be referred to the care of public hospitals.
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birthweight, infant, birth certificate, birth order, birth place
According to vital statistics in Japan , the mean birthweight of infants has decreased gradually, from 3.24 kg for males and 3.15 kg for females at peak in 1975 to 3.20 kg and 3.12 kg in 1985, and 3.12 kg and 3.04 kg in 1994 '). However , the reasons for these trends are not obvious. It is reported that low birthweight results from preterm delivery or intrauterine growth retardation 2, 3). Several studies revealed that infant's sex, maternal age, marital status, ethnicity, education , current employment, smoking, maternal height , maternal pre-pregnancy weight, gestational weight gain, parity, previous stillbirth , alcohol consumption, inadequate nutrition during gestation , and socioeconomic status are associated with variations in intrauterine growth retardation 4-7) . Risk factors for preterm birth include ethnicity, single marital status, low socioeconomic status, previous low birthweight or preterm delivery , multiple second trimester spontaneous abortions, in vitro fertilization pregnancy, placental abnormalities, gestational bleeding , cervical and uterine anomalies, multiple gestations , and smoking 8). Pregnant Japanese women are counseled not to become overweight to prevent toxemia of pregnancy 9.10) , so the birthweight of infants may become a little lighter . The author assumed that the decrease of the mean birthweight of infants resulted from (1) an increase in the multiple pregnancy rate , (2) an increase in the proportion of live births of low birthweight infants (LBWI), (3) an increase in the proportion of first children whose birthweight is lighter than that of the others , (4) a decrease in postterm labor, and (5) health/dietary guidance to prevent toxemia of pregnancy. The author attempted to clarify the determinants of the decrease in mean birthweight of infants and the consequent need for public health services.
METHODS
Ibi-Motosu district, the area of this study, is located in the western provinces of Gifu Prefecture , central Japan. This district consists of residential towns, depopulated villages and intermediate towns. In 1994, this district had a population of 160 ,000 in a 10596 kmz area. The birth rate in 1994 in this district was 10 .7 per thousand population, a little higher than that in Japan (10.0) ' Birth certificate data (only livebirths) in this district from all 3767 and 3423 births during 1983-1984 and 1993-1994 , respectively, were checked for mother's age at delivery, marital status , nationality, multiplicity, live birth order, past history of abortion or stillbirth, birth place, gestational age, infant sex, and birth-weight. Birth place was categorized into clinics, private hospitals, public hospitals, midwifery home, home, and others 11, 12) In Japan, clinics and hospitals are defined as medical institutions with fewer than 20 beds and those with 20 beds or more, respectively. In many cases, public hospitals have more equipment and more staff. Gestational age is expressed as full weeks of pregnancy based on the date of first day of mothers last menstrual period according to the International Classification of Diseases, Ninth Revision ICD-9). No information was collected about the use of cesarean section from birth certificate data.
Firstly, percentage distributions of birthweight, mean birthweight, and proportion of LBWI were compared on all births data between the periods 1983-1984 and 1993-1994 by nationality of parents, multiplicity, past history of abortion or stillbirth, and infant sex. They were analyzed by X2 test in contingency2 tables, non-paired t test, and by one-way analysis of variance (ANOVA), followed by Dunnett's t-test when a difference was found by ANOVA. The influences of the changes in the percentage distribution and mean birthweight of each category on the decrease of mean birthweight were also determined.
Next, mean birthweight of single birth infants whose parents were both Japanese (3732 and 3351 infants in 1983-1984 and 1993-1994, respectively) were calculated by gestational age and live birth order in 1983-1984 and 1993-1994 . This study analyzed data on infants whose parents were both Japanese to exclude the influence of race on birthweight 13-15). Data on illegitimate infants (9 infants in 1983-1984 and 14 in 1993-1994) are not included in the analysis because the nationality of their fathers are unknown. Mean birthweights were compared by ANOVA followed by Dunnett's t-test.
Stepwise regression analyses (F-to-enter = 4.000, F-toremove = 3.996) were performed jointly and separately for both periods to estimate the factors affecting infant birthweight on the data of single birth infants whose parents were both Japanese. Birthweight was used as the dependent variable, and maternal age, past history of fetal death, gestational age, infant sex, birth order, and period of birth were the independent variables. In the analysis, scores for mother's age were assigned separately for age class as follows: <20 years, 20-34 years and >_35 years (yes = 1, no = 0, respectively).
To investigate the perinatal medical care system characteristics, mean birthweight, percentage distributions of birthweight and gestational age were compared by birth place on the data of single birth infants whose parents were both Japanese, using ANOVA followed by Dunnett's t-test and X 2test.
RESULTS
The mean birthweight (±SD) of all infants decreased from 3165 (±429) g in 1983-1984 to 3128 (±435) g in 1993-1994 (p<0.001; Table 1 ). The overall incidence of LBWI (<2500 g) was 5.1% in 1983-1984 and 6.1% in 1993-1994 (not significantly different); however, the incidence of very low birthweight infants (<1500 g) increased from 0.2% to 0.5% (p<0.05). Fig. 1 shows the birthweight distribution in 1983-1984 and 1993-1994 . The distribution curve of birthweights between 3000 g and 4000 g shifted downward in 1993-1994 compared to 1983-1984. The incidence of multiple pregnancy Table 1 . Characteristics of all births in 1983-1984 and 1993-1994 in the western provinces of Gifu Prefecture, Japan.
*Low birthweight infants . tp<0.05; $p<0.01; § p<0.001 vs. 1983-1984 tion or stillbirth was 1.1% for both periods. Mean birthweight of infants from mothers with this past history tended to increase in 1993-1994 although that of infants from mothers without the history decreased significantly (p<0.001).
Proportion of LBWI from mothers with the history tended to decrease in 1993-1994. Influences of household business status on the mean birthweight were not recognized (data not shown). Table 2 shows the mean birthweights of single birth infants whose parents were both Japanese by gestational age in 1983-1984 and 1993-1994 . According to these data, mean birthweight in 1993-1994 tended to be lower than that at the corresponding age in 1983-1984 especially in lower gestational age male infants. The mean birthweight of infants who were born before 37 weeks decreased markedly. Table 3 shows mean birthweight of single birth infants whose parents were both Japanese by gestational age group and live birth order. The mean birthweight of first infants decreased significantly in 1993-1994 compared to 1983-1984 (p<0.01). The mean birthweights of infants decreased significantly in first infants who were born before 40 weeks, in second infants born before 37 weeks, and in third infants born before 40 weeks (p<0.05). The mean ages of mothers of first, second and third infants increased significantly from 25.4, 27.8 and 30.4 years old in 1983-1984 to 26.3, 28.7 and 31.2 years old in 1993-1994, respectively (p<0.01). The mean birthweight of male infants and, especially, of male first children decreased significantly in 1993-1994 compared to 1983-1984 (p<0.01). The mean gestational age of second children was lower than that of first children except for male infants born in 1993-1994. Mean gestational age was higher in female infants than in male infants (p<0.05). Mean gestational age of first infants tended to decrease in 1993-1994. Table 4 shows the results of stepwise regression analysis. Gestational age was the leading determinant factor in all analyses. Male infant were positively related to the birthweight. First infant, birth in 1993-1994 and young mother (<20 years old) were negatively associated with birthweight. Table 5 shows the distribution of birthweight of infants by birth place. The proportion of LBWI was higher in the infants who were born in public hospitals than in those born in clinics, private hospitals, and other places in both 1983-1984 and 1993-1994 . The proportion of very low birthweight infants who were born in public hospitals increased significantly in 1993-1994. The mean birthweight of infants born in public hospitals was the lowest of all infants when compared with births in clinics, private hospitals, and other places. Mean birthweight of infants who were born in public hospitals decreased 56 g for males and 52 g for females in 1993-1994, and mean gestational age of those decreased 0.1 week for male anrd female infants in 1993-1994 Table 6 shows the distrihu- Table 6 . Numbers (%) of infants (single births whose parents were both Japanese) by gestational age and birth palce.
NS, not significant, *p<0.001 vs. other place.t p<0.001 vs. [1983] [1984] Lion of gestational age of births by birth place. The proportion of preterm infants was significantly higher in the infants who were born in public hospitals than in those born in clinics, private hospitals, and other places in 1993-1994.
DISCUSSION
Low birthweight generally results from preterm delivery or intrauterine growth retardation 2.3). The mean birthweight of infants decreased in 1993-1994 compared to 1983-1984 although the mean gestational ages changed little (from 39.15 weeks to 39.13 weeks). The rate of birthweight increase was 62-113 g per week from 39 weeks to 40 weeks. According to these data, the mean birthweight in 1993-1994 should be less than 3 g lighter than that in 1983-1984, although the mean birthweight in 1993-1994 was 37 g lighter than that in 1983-1984. And, the mean birthweight for each gestational week was mostly lower in 1993-1994 than in 1983-1984 . From these results, it is suggested that the decrease of birthweight in 1993-1994 is related to intrauterine growth retardation.
The mean birthweight of infants in Japan was 3 .17kg in 1983 and 1984, 3.09kg in 1993, and 3.08kg in 199416) . The degree of decrease in the mean birthweight was smaller in the studied area than that in Japan as a whole. The percentage of LBWI in Japan was 5.4% in 1983 and 1984,6 .8% in 1993 , and 7.1% in 1994. The percentage of LBWI in the studied area was lower than in Japan. As for distribution of birth place, 55.7% were born in hospitals and 43.2% in clinics in 1994 in Japan . More infants were born in clinics in the studied area than in Japan, because the number of hospital beds for pregnant women are fewer than that of clinic beds in the studied area.
The main causes of the mean birthweight decrease in this study were decreases in the mean birthweight of first infants and changes of the proportion of birth order. In Japan, the number of children per couple is decreasing; the total fertility rate has decreased from 1.91 in 1975, to 1.76 in 1985, and 1.50 in 1994". In addition, the proportion of high-risk pregnancy, such as higher mother's age, induction of ovulation, medical treatment for sterility, and conditions that need cesarean section, is increasing because many couples want at least one child by any means. In this study, the mean age of mothers increased in 1993-1994, and 20.7% of mothers aged 35 years and over were primiparous. Recently, more women are likely to delay marrying and childbearing. It is reported that advancing maternal age (>35 years) is a risk factor for fetal deathly. This study, however, is constrained by the fact that it is based on data appearing on the birth certificate, and this does not include the important variables such as maternal smoking. The increase in the proportion of female smoker under 39 years of age'a may be one factor contributing to the decrease of mean birthweight. Influences of decrease in energy intake and those of occupational activity during pregnancy") also must be studied.
The proportion of very low birthweight infants increased in 1993-1994. Many of the very low birthweight infants now survive because neonatal intensive care is available, especially in large public hospitals. However, the effects of very low birthweight when these infants become adults are unknowna'2'). The lower mean birthweight of infants who were born in public hospitals indicates that pregnant women with higher risk factors are more likely to be referred to the care of large public hospitals with appropriate equipment. In addition , infants with greater risk factors such as very low birth weight and very preterm birth are now transferred immediately to neonatal intensive care units in Prefectural Gifu Hospital. Efforts of the mothers with greater risk factors to have at least one child may explain part of the increase of the ratio of very low birthweights. As for programs to prevent preterm births and low birthweight, health counseling for pregnant women is offered 16,-Health counseling for pregnant women with high-risk factors should be strengthened because most pregnant women in Japan use maternity health services. The proportion of multiple birth infants increased in 1993-1994. The result is consistent with the trends in Japan16) based on the increased use of assisted reproductive technologies .
Infants of multiple gestations are more likely to be premature and likely to be low weight than single birth infants. However , the mean birthweights of multiple birth infants tended to increase in 1993-1994. These results indicate the contribution of medical care and health services for pregnant women. Changes of percentage distribution of birth place over the 10-year period reflect the trends that most pregnant women are placed under management by obstetricians, primarily in clinics and secondarily in large public hospitals although pregnant women can consult directly for secondary hospitals in Japan. The ratio of nonhospitalized births in Japan decreased from 82.4% in 1955 to 16 .0% in 1965, 1.2% in 1975, 0.2% in 1985, and 0.1% in 199416) . The ratio of births at midwife homes in Japan also decreased from 12.9% in 1965 to 7.2% in 1975, 2.0% in 1985, and 0.9% in 1994.
As for gestational age, the percentage of births at less than 38 weeks and 42 weeks or more decreased in 1993-1994. These results also indicate the effects of medical management. Decrease of the percentage of postterm labor contributes to the decrease in mean birthweight. The author interpreted that the decrease of postterm labor is a result of active management of labor for highly postterm pregnant women25).
The decrease of the mean birthweight of infants resulted mainly from the decrease of the mean birthweight of first infants, some of whom were born to mothers with risk factors. Antenatal health guidance to prevent toxemia of pregnancy and medical induction of delivery to avoid postterm labor or cesarean section as an iatrogenic effect may contribute to the decrease in the mean birthweight.
